Introduction
In 1963, Russell and Rubinstein 1 classified vascular malformations of the central nervous system into four types: arteriovenous malformations (AVMs), cavernous angiomas, capillary telangiectases, and venous angiomas. Cavernous angioma, cerebral cavernous malformations (CCMs), and cavernoma are the terms to describe an angiographically occult vascular malformation composed of a dense mass of thin, singlelayered blood vessels of varying size that lack the microscopic features of arteries or veins.
CCMs were considered to be congenital malformations for a long time. In newer literature acquired de novo CCM formations have been reported in context with familial inheritance, other vascular malformations, viz. moyamoya disease, post-cerebral radiation therapy, viral infection, post-cranial surgery and cerebral trauma. [2] [3] [4] [5] CCMs are the commonest vascular malformations that are associated with developmental venous anomaly (DVA). Though the association of CCM and DVA are common, de novo development of CCM in association with DVA is very rare. 4, [6] [7] [8] Latchaw 6 in 1994 was the first to describe radiation-induced de novo CCM in association to DVA. Cakirer, 8 Brunken et al. 4 and Campeau and Lane 7 have later reported three more similar cases. Su et al. 9 reported a case with a possible causative relationship between CCM and DVA, triggered by thrombosis of the DVA. Here we present a rare and unique case that shows the effect of haemodynamic changes that occurred during treatment of dural arteriovenous fistula (AVF) in an existing venous anomaly leading to development of a de novo cavernoma.
Case report
A 27-year-old man presented to us with complaints of long-standing left eye proptosis in 2006. Magnetic resonance imaging (MRI) of the brain performed in 2006 showed engorged vascular structures on the surface of the brain in the left frontotemporal region running along the lesser wing of the sphenoid till the cavernous sinus and extending anteriorly into the orbit. Lymphohaemangiomatous lesions with engorged vessels were noticed in the left fronto-temoral scalp and orbit causing scalp swelling and proptosis of the left eye. On high-resolution MRI angiogram medullary venous enlargement with radial tributaries were noted in the brainstem, left cerebellar hemisphere and another similar lesion in the left medial temporal lobe suggestive of multiple developmental venous anomalies (DVAs). No obvious intracerebral cavernous malformations were noted ( Figure 1 ). He underwent intralesional computed tomography (CT)-guided bleomycin sclerotherapy for orbital lesion and was under follow-up with the ophthalmologist for proptosis.
In 2010 the patient presented with a history of developing reduced vision in the left eye with restriction of left eye movement and increased protrusion of the left eye in recent months. On examination he had left eye visual acuity of counting fingers from 20 cm and normal vision in the right eye. There was swelling, chemosis and non-pulsatile proptosis of the right eye. The globe was displaced downwards. There was ill-defined swelling over the right fronto-temporal region. He had no other obvious neurological deficits. MRI of the brain from 2010 revealed an increased size of venous engorgement along the left lesser wing of the sphenoid to the cavernous sinus and extending to the orbit. There was development of a 'popcorn'-like heterogeneously intense haematogenous lesion with peripheral hemosiderin deposit in the left mesial temporal lobe suggestive of development of a CCM. There was engorgement of veins associated with the brainstem DVA and the veins in the ambient cistern, suggestive of increase in venous pressures of the deep venous system due to evolution of dural AVF.
Six-vessel digital subtraction angiogram (DSAs) showed abnormal high-flow AVF at the left sphenoid region, fed from the left middle meningeal and left internal maxillary, meningeal branches of the left cavernous internal carotid artery and the left ophthalmic artery ( Figure 2 ). Trivial blood supply appeared contralateral from the right middle meningeal artery. Early venous drainage appeared to the ectatic left superficial temporal vein and superior sagittal sinus. DVA is recognised in the left brainstem and cerebellum with deep vein drainage ( Figure 3 ).
Balloon-assisted trans-arterial embolisation was performed through super-selective catheterisation of the left middle meningeal artery using the Onyx liquid embolisation system (EV3). Sub-total obliteration of the fistula was achieved with flow reduction and mild stasis in the ectatic cortical vein. CT-guided Bleomycin sclerotherapy was performed for the orbital lymphohaemangiomatous lesion.
The patient had significant clinical improvement at discharge. He had a history of seizures in March 2012, which were managed with antiepileptics by the attending neurologist. Cerebral DSA revealed reformation of abnormal high-flow AVF at the lesser wing of the sphenoid sinus, fed by the previously described arteries with augmentation contralateral from the middle meningeal artery. The drainage pattern had changed with early filling of the vein of Rosenthal, cavernous sinus and inferior petrosal sinus. Cross-circulatory catheterisation of the left middle meningeal artery was performed through the right external carotid-internal maxillary artery approach and with the use of the Onyx liquid embolisation system, and the fistula was occluded. In March 2013 he underwent one more cycle of fluoroscopy-guided bleomycin sclerotherapy for an orbital lympho-haemangiomatous lesion.
In June 2014 he presented with persistent seizure episodes and right-sided weakness. As the clinical seizures were concordant with temporal lobe CCM, excision of the left mesial temporal lobe CCM was performed through a fronto-temporal craniotomy and along with that excision of a residual AVF was performed.
In September 2014, the patient presented to us with sudden-onset increased right-sided weakness. MRI of the brain showed a new large lesion in pons with a mixed-intensity haematogenous lesion with peripheral hemosiderin deposit suggestive of de novo formation of pontine cavernoma (Figure 4) . He underwent a left temporal craniotomy using a subtemporal trans-tentorial approach and excision of the pontine cavernoma. Postoperative CT scan showed satisfactory excision of the CCM ( Figure 5 ). Postoperative cerebral six-vessel DSA showed complete exclusion of dural AVF ( Figure 6 ). Histopathology of the specimen showed blood cavernous spaces lined with spindleshaped epithelial cells consistent with a cavernous haemangioma (Figure 7) . He improved clinically and regained near-normal motor power in the right-sided limbs. For proptosis he underwent two further courses of sclerotherapy which provided resolution of proptosis. 
Discussion
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The Neuroradiology Journal 29 (6) cavernous malformation, developmental venous anomaly (DVA) and capillary telangiectasia. 10 However, with the advent of high-resolution MRI, co-existence of more than one anomaly has been considered as an additional new entity, viz. mixed vascular malformation. 11 DVAs appear to be classic congenital vascular malformations which represent developmental arrest of the venous system with retention of primitive embryological medullary veins draining into a single large vein. 10, 12 These are the most common vascular anomaly to be encountered in clinical practice. 13, 14 Characteristic appearance of DVAs can be visualised in the venous phase of an arteriogram or MRI as numerous radially directed medullary veins draining into a dilated vein presenting in a 'spoked wheel' or caput medusae configuration. Most commonly DVA is associated with cavernous malformation and there have been reports of its co-existence with AVM and AV shunting. 11, [15] [16] [17] [18] These anomalies usually have a benign clinical course but the presence of associated malformations and atypical angioarchitecture have been reported to be associated with venous infarcts and bleeds. 13, 19, 20 On the other hand, the majority of dural AVFs are acquired idiopathic lesions. 21, 22 Dural AVFs are associated with several conditions including head injury, 
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The Neuroradiology Journal 29 (6) previous craniotomy, and dural venous sinus thrombosis. Any of the inciting factors could lead to dural AVF by causing venous thrombosis and venous hypertension, which lead to either opening up of primitive dural vascular rete or by causing angiogenesis. 21, 23 Association of dural AVF and DVA is very rare and Kuncz et al. 24 reported the first such case, in which the patient presented with venous infarct and showed bilateral frontal dural AVF and left frontal DVA on angiogram. The present case would be the second such report regarding the co-existence of dural AVF and DVA. CCMs were thought to be congenital anomalies but the reporting of 18 de novo cases of CCM by Pozzati and colleagues 3 raised more questions regarding the aetio-pathogenesis of these lesions. Rigamonti and Spetzler in 1988 reported an association of DVA and CCM. 25 The causative relationship between DVA and CCM was not well understood. Wilson 26 postulated an abnormal increase in intracranial venous pressure and partial thrombosis within the collector vein of a DVA as potential causes for development of dysregulated venous hypertension in DVA. Dillon 27 proposed that elevated venous pressure within the territory of a DVA may lead to a cascade of events that leads to development of a cavernous malformation. Su et al. 9 reported the temporal evolution of CCM from a thrombosed DVA which substantiated the causative relationship of DVA and CCM.
Venous back pressure in a DVA leads to micro-haemorrhages due to rupture of venules. Further hypoperfusion and ischaemia of the brain due to venous congestion enhance the angiogenetic process and stimulate endothelial proliferation and progression of CCM. 28 In our case the patient presented with a complex high-flow dural AVF along the lesser wing of the sphenoid with cortical drainage in association with DVA of the left medial temporal lobe, brainstem and left cerebellar hemisphere. During the course of followup the patient developed two new CCMs in the medial temporal lobe and brainstem in sequential temporal profile. In 2010 MRI showed an increase in venous engorgement along the deep venous system and formation of medial temporal CCM suggestive of a change in the drainage pattern of dural AVF. The changes in the venous pressure in the DVA posed by the intrinsic nature of arterio-venous shunting and the pressure changes due to endovascular treatment could have triggered the formation of de novo CCMs.
Conclusion
This is a unique and rare case report illustrating the effects of the dynamic nature of dural AVF and its treatment on associated developmental venous anomaly leading to de novo formation of a cavernous malformation. 
